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Abstract-In this second part another group of processes of surface treatment of materials in which has been employed a series of principles of the Physics are reviewed. Using technologies that employ these principles it is possible to modify the surface of materials in order to obtain improvements in their behavior, especially in regard to increasing their corrosion, wear or fatigue resistance. In particular, this work describes the processes of flame and induction hardening, surface treatments using laser beam, treatments that use concentrated solar energy and finally the processes of physical vapor deposition. All of them of industrial application, with the exception of the use of concentrated solar energy which, however, has an important potential due to the current situation of the renewable energies.
Index Terms-Applications of Physics; Surface Treatment of Materials; Use of Concentrated Energy.
I. INTRODUCTION
As in many other areas of daily life and industrial work, Physics has also contributed in a decisive way to the development of Surface Treatment of Materials in which a group of processes that improve the performance of the surface area of a material, they also produce a better response to deterioration mechanisms such as corrosion, wear or fatigue. In this second part, other examples of processes are presented and different principles of Physics are pointed out that have contributed to the development of those processes and to improve the behavior of materials in equipment and industrial systems.
II. SURFACE TREATMENTS USING VARIOUS FORMS OF ENERGY
A. Flame Hardening Flame hardening, in a similar way to induction hardening, laser hardening and hardening using concentrated solar energy, have as their common objective to achieve a surface hardening through a modification of the microstructure that occurs on the surface of a steel or an iron casting in order to provide them with better wear resistance, retaining an inner section with qualities of adequate toughness [1] .
The flame hardening uses the combustion of a hydrocarbon such as acetylene, and oxygen to heat for a few seconds the surface of a steel or an iron casting, to bring it to an appropriate temperature to achieve a specific microstructure (austenite), and then quickly cool it in media such as water, oil or a salt-water solution and cause the microstructure to change, especially in the surface area (the name of the microstructure is martensite), which as a consequence, generates an increase of the superficial hardness of the material without substantial change in the central zone of the piece. With the combination of both characteristics (high superficial hardness and high toughness inner section) allows applications in components such as gears, pinions, etc. [2] . Additionally, this transformation produces compression stresses which can act to reduce the risks of crack grow and thus prevent the fracture of an industrial piece. Fig. 1 shows a diagram showing the common components in a flame hardening system [3] . Fig. 1 . Schematic of the components of a device to perform flame hardening. 1. Oxygen-acetylene torch. 2 System for rapid cooling (quenching) of the piece heated with the torch 3. Surface area that has been heated by the flame 4. Zone transformed to martensite after quenching 5.-Steel or cast iron subjected to the treatment. [1] . Fig. 2 illustrates a system of several burners that heat a piece for subsequent cooling in the liquid medium that appears in the lower part of the image. The treated area where surface quenching is achieved by this method is often in the order of 1 to 7 mm
In the flame hardening process, the phenomenon of heat transport is fundamental for both the heating and the cooling stages so that the required changes (phase transformations) in the treated materials can be achieved. Some limitations of the process are associated with the complications to achieve an adequate control of the thickness and uniformity of temperatures and characteristics of the treated area [4] . The phenomenon is described in a by Fourier law for heat conduction within the piece, and for heating and cooling in the outer surface of the piece, the Newton law for heat convection [23] . The Fourier law in a differential from, states:
Which implies that the heat flux ⃑ is opposite to the thermal gradient ∇ , and proportional to the thermal conductivity . The Newton law for heat convection states:
Which implies that heat flux ⃑ has ℎ proportion to the temperature difference between the surface and the surrounding fluid ( − ∞ ) (i.e. the flame or the air for each situation). ℎ is often obtained experimentally, and sometimes considering theoretically relations with the phenomena. 
B. Induction Hardening
When an alternating current is applied to the primary coil of a transformer, an electromagnetic field is generated. According to Faraday's Law, if the secondary of the transformer is placed inside the magnetic field, an electromotive force, and then a current is induced. Faraday's law states that electromotive force , is produced by the variation on time of the magnetic flux that passes through a closed loop conductor Φ and opposite to it (stated by Lenz law, described by the negative sign) [24] :
Then with this electromotive force, a current will be established in that conductor, originating a Foucault current. The current will finally cause a heating of the conductor as the Joule effect manifests. The equation for Joule effect states:
Which implies that heat is proportional to the quantity of electricity or charge passed through the conductor and to the electromotive force [25] . Based on this principles, in a basic configuration of induction heating, a power source generates an alternating current that passes through an inductor (usually a copper coil) and the piece to be heated is placed inside the mentioned inductor. (See Fig. 3 ). The inductor acts as the primary of the transformer and the piece becomes the secondary circuit. When the metallic piece is crossed by the magnetic field, Foucault currents (also known as Eddy currents) are induced in the piece to be heat treated.
Fig. 3. Schematic of induction heating
As a result of the phenomena described above, a potential difference is generated that gives rise to the circulation of an electric current inside the piece, which causes its heating by Joule effect. The thickness of the heated layer depends on the frequency of variation of the magnetic field and the characteristics of the material to be hardened, as can be seen in Fig. 4 , [5] . Frequencies are used around 1 kHz for hardened layers of great thickness (5-9 mm); and high frequencies around 500 kHz, for hard layers of 0.4 to 2 mm thick. Other control parameters are the intensity of the magnetic field and the duration of the treatment. Once the heating has been carried out, the piece is quenched (as in the case of flame hardening), by immersion or spraying with a suitable liquid.
A more detailed schematic of this process is in Fig. 5 , with some of the physical phenomena and features of an induction heating system. It can be mentioned among those: the electric current flowing through a copper conductor, Eddy currents, magnetic fields, the high-frequency AC power, to point out a few. On the other hand, in Fig. 6 an image of a piece placed in an induction heating system can be observed with the coils surrounding the sample that will later be cooled for its surface hardening. Similar to what happens with flame hardening, it is applied to parts such as gears, pinions, crankshafts and all those that may require a surface of high hardness and an inner central part of adequate toughness [6] , [7] . Recently, the contributions of the modeling and simulation procedures have been added to these treatments with the aim of optimizing these processes [8] .
C. Laser Surface Treatment
Laser radiation is an electromagnetic radiation of concentrated light, and concentrated with adequate optical systems described in [9] , [10] , which is in the range of the infrared; and upon impact on a metal surface produces a generation of heat. The action of the laser beam for seconds -or even fractions of a second-allows to heat the surface of the piece to the appropriate temperature while the rest remains at low temperature and without any transformation 2 http://hflitzwire.com/faq/ 3 http://www.iew.eu/de/Wissenschaft_und_Pr%C3%BCftechnik.html/ of the microstructure. The phenomena studied by Physics that allows to increase the thermal energy of the piece is the absorbance if irradiation, that states that a material will have a net influx of energy , in a proportion of the irradiation that reaches the surface . The value of is dependent of the irradiation spectrum, as well as the physical conditions of the surface itself (i.e. material, roughness, etc.) [23] 
A significant temperature difference is generated between the inner and the surface, due to the very high heating and cooling speeds that can be achieved, which makes it possible steel hardening when the laser beam is no longer applied without the need to introduce the piece in a liquid to cool. With this method hardened layers of 0.20 to 1.5 mm thick can be achieved. The equipment used requires relatively high investment (but increasingly smaller with time), and does not allow to reach depths greater than 2 mm. The process is very useful for hardening steels with low hardening capacity (hardenability) or areas of a piece difficult to access by other methods, besides being able to achieve surface hardening in much shorter times than those required with other types of treatments such as thermochemical treatments (carburizing, nitriding, etc); also, very good results are capable to be obtained for other alloys such as Mg alloys, achieving results of hardness and wear resistance even two times greater than non-treated [22] . Additionally, the laser allows this hardening processes to be carried out at high speed, which together with the welldefined working area, achieves a minimum distortion of the pieces. Moreover, this geometrically precise heat treatment with its unneeded liquid cooling allows the process to be greatly accelerated, obtaining excellent results. In Fig. 7 it can be seen a simplified scheme of the action of the laser beam on a piece [11] - [13] . It is worth mentioning that using this type of radiation can also be melted various types of powders and its combinations on the surface to obtain coatings at surface, or modify the structure of a coating previously placed by some other technique; and of course with the appropriate type of laser, it is possible to carry out welding and cutting processes of materials. Recently, also sintering processes of metallic and ceramic materials or additive manufacturing technologies are performed (Fig. 8) . alloys [12] .
In relation to the previously mentioned, in Fig. 8 it can be observed how depending on the power of the laser and the time of interaction with the material, it can only be superficially heated, melt surface material or melt a material provided to coat a substrate, or even cut, weld or drill. As can be seen and expected, higher powers and longer interaction times produce greater effects on the material. An example of the industrial application of laser quenching can be seen in Fig. 9 , in which it is indicated how the laser beam impacts the industrial piece. Commonly, the systems for these processes are capable to move the beam, so the entire surface can be reached and achieve a uniform result of the treatment in short time. 10 shows how heat is distributed and transported during a laser treatment and it can be observed that phenomena can occur by convection, as well as radiation and conduction. It is also shown how the characteristics of the material, have influence for the development of the process, such as absorbance in the laser spectrum; giving a resultant time for the laser to sweep the entire piece. Then it is convenient to highlight in laser systems, the contribution of optics and thermodynamics, as fundamental branches of physics for the achievement of surface treatments through the use of laser radiation. 
D. Surface treatments using Concentrated Solar Energy (CSE)
A newer technology, is the use of concentrated solar energy to treat the surface of materials. In the variety of concentration systems, the application of different optical systems with different lenses and mirrors stands out. An example of this is the scheme shown in Fig. 11 , which shows the difference between a conventional lens and a Fresnel lens where the irregularities of the Fresnel lens allow a more versatile concentration system [14, [15] . The operation of this kind of concentrators is able due to the refraction phenomena, described by Snell law (some authors attribute this to Thomas Harriot), that states [21] : "The ratio of the sine of the angle of incidence to the sine of the angle of refraction is a constant for media of specific optical densities" in the point of interface.
This can be interpreted as: defines the constant , as the ratio of the specific optical densities. Thus, as the direction of light changes its direction when it passes through a different media (i.e. glass), some lenses like convex or Fresnel lens may concentrate solar irradiation, and then the piece will be heated due to effect of the phenomena describe by eq. (5), but by absorbing the solar spectrum. In Fig. 12 it can be seen a prototype of a solar concentrator that uses a Fresnel lens built in the Facultad de Ingeniería, UNAM, México. Also, a new prototype with a larger lens is being built, in which it is expected to be able to achieve also higher temperatures. The first prototype has achieved 500 °C and the new equipment is expected to reach 1000 °C for similar receptors. With an equipment similar to these, a whole series of surface treatments and even other types of processes such as welding or sintering of metallic and ceramic materials have been carried out [16] , [17] . It is a very attractive field in which a series of works are being developed, and in many of the cases with potential for application in the short and medium term in the industrial sectors, an example of these, are the NiAl coatings on carbon steel substrates obtained by self-propagating high-temperature synthesis, but assisted with concentrated solar energy to ignite the reaction [20] . As the process is also economic, environmental friendly and could be carried out even with small concentrators, the process could be easily introduced to industry. Fig. 11 . Schematic that allows comparing a conventional lens and a Fresnel lens, in which, due to the changes of section shown by the lens itself, it is possible to improve the versatility of the concentration systems for solar irradiation. Fig. 12 . Prototype of a Fresnel lens-type solar concentrator built at the Facultad de Ingeniería, UNAM; it can be observed the area where the optical focal point is located, which is where the surface treatments can be carried out for the materials.
An evidence of a resultant surface treatment achieved with these concentration systems can be observed in Fig. 13 , in which a side view of a piece of steel heated by CSE and later quenching in water is observed. The image clearly shows the treated surface region [14] . Fig. 13 . Side view of a piece of hardened steel after heated by ESC using a Fresnel lens and subsequent cooling in water.
Fig. 14 shows a graph of the hardness of the CSE hardened piece shown in Fig. 13 . The increase in hardness that is achieved in the superficially hardened zone is evident. On the surface, maximum hardness in the order of 700 units (Vickers) is achieved, while in the inner zone the values are around 200 units. It is interesting to highlight in this topic, the fundamental contribution of optics to achieve adequate concentration and the fact that the solar energy used is only a small part of the one that reaches our planet. The environmental benefits that come with it, and the processes that have been achieved with it in shorter times than conventional ones, make this new field of science very attractive [14] . 
III. COATINGS OBTAINED BY PHYSICAL VAPOR DEPOSITION (PVD)
One more possibility is to obtain coatings, most of them of high hardness for industrial purposes -especially in the field of mechanical tooling or application in the electronics industry-that could be obtained under appropriate experimental conditions (that is the main challenge of these technologies). A successful physical vapor deposition (PVD) process occurs when gaseous substance (vapor) goes to the solid phase (without going through the liquid) and gets deposited on a metallic substrate. The indicated state change (deposition) is illustrated in Fig. 15 . Fig. 15 . Diagram with the different changes of state that can occur between solid and gas, depending on the temperature. As it can be observed the passage of gas to solid without going through the liquid is the deposition 6 6 Source:
http://corinto.pucp.edu.pe/quimicageneral/contenido/56-cambios-de-estado-diagramas-de-calentamiento-diagramas-de-fase.html Then, Fig. 16 also illustrates the general idea for obtaining this type of coatings. The material that will serve as a coating begins with its change of state from solid or liquid to gas using different technologies (evaporation with different forms of energy, sputtering, etc.); in this part of the process, the phenomena of evaporation is also described by Newton law for heat convection (eq. (2)), but with little difference due to boiling. The equation for Newton law for heat convection in this case will state [26] :
In which the term (T_S-T_sat) is denominated "temperature excess", and it is the difference between the surface temperature of the walls containing the liquid T_S, and the saturation temperature of the liquid T_sat at the given pressure. Again, the proportional constant h is obtained experimentally, or considering theoretically relations with the phenomena. After boiling, the vapor is transported and finally its transformation from gas to solid over the surface to be treated in order to achieve the planned coating. Usually specific pressures and temperatures are used (particular thermodynamic conditions) for the different coatings, also the processes are carried out in a special reactor in which it is possible to achieve a very detailed and carefully control the process. Industrial coatings for mechanical use are commonly of a few micrometers and thus can double, triple and even more, the life of the tooling to which they are applied [18] , [19] . Fig. 17 presents a photograph of a physical vapor deposition system (PVD), with a typical hue coming from the formation of plasma. An additional advantage of these processes is the environmentally friendly characteristic and a disadvantage is that it requires a large investment. Fig. 18 represents a sample of tools that undergo this type of process. impacted and promoted improvements to the various surface technologies that are applied in the industrial context, and those that are researched and developed in laboratories of universities and research centers. 3. This work particularly highlights the contributions of optics, phenomena associated with heat transfer and electricity, which can become a way or a medium to take advantage of a resource, to heat the surfaces of pieces. 4. There is a unique opportunity to improve the process in each technology, that is to first understand each of the physics principles involved and then to develop in that particular part on the complete process in order to enhance the complete performance. 5. The main objective of this pair of works is to show students how the principles they have studied in their General Physics classes are applied in industrial application equipment and have been of essential importance in the development of the processes that allow to improve the performance of a material, by means of the surface treatments.
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